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ABSTRACT 

Soderblom's method f o r  age d a t i n g  mare s u r f a c e s  by 
c r a t e r  morphology i s  presented  i n  condensed form. By observing 
t h e  l a r g e s t  unshadowed crater  i n  the  1 0 m  t o  1 km diameter  range 
on an O r b i t e r  photograph, and us ing  t h e  f i g u r e s  inc luded ,  a n  
a r e a  can be da ted  i n  a r e l a t i v e  sense.  Soderblom's r e s u l t s  on 
maria and s e v e r a l  l a r g e  c r a t e r s  are summarized. 

An estimate of t h e  absolu te  ages of t h e  s u r f a c e s  can 
be obta ined  by applying t h e  age d a t a  from t h e  Apol lo  11 and 1 2  
p o i n t s  and making an assumption about t h e  meteoroid f l u x  h i s t o r y .  
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INTRODUCTION 

Determination of t h e  age of a r e a s  on t h e  l u n a r  
s u r f a c e  by c r a t e r  counts h a s  been at tempted with vary ing  
degrees  of success  i n  t h e  p a s t .  T h i s  m e m o  d i s c u s s e s ,  i n  
shor tened  form, a method f o r  r e l a t i v e  age de te rmina t ion  
developed by Larry Soderblom") of t h e  C a l i f o r n i a  I n s t i t u t e  
of Technology. 

Soderblom developed t h e  method t o  overcome t h e  
t w o  major shortcomings of previous methods: 

1. P l o t t i n g  of t h e  e n t i r e  crater diameter - frequency 
d i s t r i b u t i o n ,  which  i s  very t i m e  consuming. 

2.  Poor s ta t is t ics  fo r  s m a l l  a r e a s .  Counts over  a r e a s  
l a r g e  enough t o  produce good s t a t i s t i c s  o f t e n  cover 
s e v e r a l  u n i t s  of poss ib ly  d i f f e r e n t a g e s ,  which meant 
t h a t  only an average age was obta ined .  Swarms of 
secondar ies  can a l s o  skew t h e  d i s t r i b u t i o n .  

CRATER DISTRIBUTION 

A p l o t  of t h e  s i z e  frequency d i s t r i b u t i o n  of craters 
on t h e  l u n a r  s u r f a c e  r e v e a l s  s e v e r a l  p e r t i n e n t  f e a t u r e s .  Shown 
i n  F igu re  1 are r e p r e s e n t a t i v e  curves f o r  o l d  and young s u r f a c e s .  
For sma l l  crater  diameters t h e  curves  co inc ide  and have a s l o p e  
of - 2 . 0 .  This curve d e f i n e s  t h e  equ i l ib r ium or  s t e a d y - s t a t e  
s u r f a c e  and has been found t o  p e r s i s t  a t  a l l  Surveyor landing  
sitesc (2) 
t h e  d i s t r i b u t i o n s  have a s lope  of approximately -3.0.  Craters 
i n  t h i s  s i z e  range a r e  formed p r i m a r i l y  by secondary impacts 
from mater ia l  e j e c t e d  dur ing  t h e  formation of craters l a r g e r  t han  
s e v e r a l  k i lometers  i n  diameter.  The d i s t r i b u t i o n  f o r  l a r g e r  
c r a t e r s  has a s l o p e  of about  -1.7 and i s  a t t r i b u t e d  l a r g e l y  t o  
primary impacts.  This po r t ion  of t h e  curve i s  not  shown i n  F igu re  

s t a t e  p o r t i o n  of t h e  d i s t r i b u t i o n  i s  des igna ted  C and g i v e s  a 
measure of t h e  r e l a t i v e  age of t h e  s u r f a c e .  ( 2 )  Determining Cs 

a c c u r a t e l y  i s  subject t o  t h e  problems o u t l i n e d  i n  t h e  i n t r o d u c t i o n .  

R P _ ~ S . T P _ ~ R  diameter- of about 10 m e t e r s  and one k i lometer  

The diameter  of t h e  l a r g e s t  s i z e  crater i n  t h e  s teady-  
S 

1. 
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METHOD 

Soderblom' s method u t i l i z e s  t h e  time-dependent change 
This of t h e  s l o p e  p r o f i l e  of c r a t e r s  having diameters  near  C S '  

change of s l o p e  i s  produced by e r o s i o n a l  impacts which produce 
craters  smal l  compared t o  t h e  crater  being eroded. 

The e ros ion  by s m a l l  bodies  which i n d i v i d u a l l y  produce 
only minor  changes i n  t h e  shape of a crater being eroded i s  
neve r the l e s s  t h e  dominant process  by which t h e  shape of craters 
of diameter  less than  one k i lometer  i s  changed. Therefore ,  t h e  
s l o p e  of a c r a t e r  i s  a good i n d i c a t i o n  of t h e  cumulate number 
of smal l  p a r t i c l e s  recorded s i n c e  i t s  formation and, h e n c e ,  i t s  
age. During t h e  pe r iod  i n  which a c r a t e r  i s  eroded,  random 
s t a t i s t i c a l  v a r i a t i o n s  i n  t h e  d i s t r i b u t i o n  of t h e  smal l  e roding  
impacts are averaged o u t  because of t h e i r  high frequency. By d e t e r -  
mining t h e  r e l a t i v e  age of t h e  o l d e s t  c r a t e r  on a s u r f a c e ,  t h a t  
s u r f a c e  can be dated i n  terms of t h e  i n t e g r a t e d  p a r t i c l e  f l u x .  
Absolute  ages can be determined only a f t e r  t h e  p a r t i c l e  f l u x  
h i s t o r y  i s  known. 

t h e  l i f e t i m e ,  T ,  of a crater  i s  
From t h e  a n a l y t i c a l  e r o s i o n  model given by Soderblom, 

where  C i s  a cons t an t ,  Si i s  t h e  i n i t i a l  s l o p e  ( % t a n  30'1, St i s  

t h e  lower te rmina t ion  slope,  and E is t h e  c r a t e r  diameter .  

I t  i s  no t  p r a c t i c a l  t o  determine an age from t h e  s l o p e  
frequency d i s t r i b u t i o n  s i n c e  p r e c i s e  measurements of s l o p e  a r e  
n o t  p o s s i b l e .  
t h e  s l o p e  frequency d i s t r i b u t i o n  i s  te rmina ted  a t  t h e  l o c a l  sun 
ang le  ( S s ) ,  can be measured d i r e c t l y  from photography. A l l  

c r a t e r s  l a r g e r  than DS have shadowed i n t e r i o r s .  

However, t h e  c r a t e r  s i z e  DS, t h e  diameter  a t  which 

Equation 1 can then be  w r i t t e n  

To determine DS photographica l ly ,  t h e  most p r e c i s e  way i s  t o  
measure t h e  r a t i o  ( P )  of unshadowed t o  shadowed craters a s  a 
f u n c t i o n  of diameter .  The r a t i o  i s  zero f o r  craters  l a r g e r  than  
DS. 
f o r  d i f f e r e n t  sun angles  i n  Figure 2 and can be expressed as: 

The form of t h e  r a t i o  p red ic t ed  by t h e  e r o s i o n  model i s  shown 
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P = O ,  D >  DS 

S 
p = -  -1, D cS ( 3 )  

-1, D < Cs 
p = -  DS 

cS 

For D < C t h e  cons t an t  v a l u e  of P i s  dependent on photographic  
p r i n t  q u a l i t y  s i n c e  Cs i s  c o n t r o l l e d  by t h e  lower l i m i t  of s l o p e  

a t  which a c r a t e r  i s  recognizable .  

S '  

Equations (1) and ( 2 )  imply a t i m e  s c a l e  concomitant 
wi th  a c o n s t a n t  meteoroid f l u x  h i s t o r y .  S ince  a cons t an t  f l u x  
cannot be assumed, Soderblom has provided a s t anda rd  f o r  compari- 
son of ages i n  t e r m s  of t h e  s i z e  of c ra te r ,  DL,  which would be  

eroded below some s m a l l  s l ope  Sf i n  t h e  l i f e t i m e  of t h e  s u r f a c e .  

I n  

I n  
- 

DS DL - ( 4 )  

Soderblom found t h a t  DS could be obta ined  from t h e  photograph 

wi th  nea r ly  t h e  same accuracy as  obta ined  by completely d e f i n i n g  
t h e  d i s t r i b u t i o n  shown i n  Figure 2.  

TECHNIQUE 

The method can be appl ied  t o  any s u r f a c e  on which 
l a r g e - s c a l e  b l anke t ing  of t h e  crater o r  slumping and mass 
was t ing  are no t  dominating f a c t o r s  i n  t h e  e ros ion  and des t ruc -  
t i o n  of c r a t e r s .  This  c r i t e r i o n  r u l e s  o u t  almost any l u n a r  
r eg ion  o t h e r  than  t h e  maria. 

I n  o r d e r  t o  make c o n s i s t e n t  age de te rmina t ions ,  t h e  
photographic  d e f i n i t i o n  of a shadow must be f ixed .  Soderblom h a s  
chosen t h e  d e f i n i t i o r ;  t h a t  a crater is  ~ i f i s h ~ d ~ ~ e d  when f e a t u r e s  
such as  f r a c t u r e s  and craterlets are v i s i b l e  i n  t h e  nea r ly  shaded 
p o r t i o n  of t h e  w a l l .  

The technique f o r  determining DS involves  looking f o r  

t h e  l a r g e s t  c l e a r l y  unshadowed crater  f o r  t h e  lower l i m i t  of DS 
The upper l i m i t  is  de f ined  as  t h e  l a r g e s t  c r a t e r  whose shadow 
p r o f i l e  has j u s t  disappeared.  
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Anomalous depress ions  which may i n i t i a l l y  have had 
sma l l  s l o p e s  can be  avoided by t e s t i n g  t o  see i f  t h e  unshadowed 
c r a t e r s  smaller than  t h e  " l a r g e s t  unshadowed c r a t e r "  become 
r a p i d l y  more abundant wi th  decreas ing  s i z e .  Using t h i s  technique  
t h e  u n c e r t a i n t y  i n  DS i s  about 1 0 % .  Of cour se ,  DS v a r i e s  w i th  

local  sun angle .  F igures  3 and 4 are look-up t a b l e s  f o r  d e t e r -  
mining DL. S f ,  t h e  f i n a l  s lope ,  i s  taken as t a n  4 ' .  Figure  5 

i s  a p l o t  of t h e  r e l a t i v e  ages i n  t h e  form of DL f o r  d i f f e r e n t  
maria and s e l e c t e d  craters.  I f  one 
h i s t o r y ,  abso lu t e  ages can be  a s s i g n  

2 0 15-AFHG- gmr 

A t  tachmen t 
References 
F igures  1-5 
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FIGURE 1 - THEORETICAL SIZE DISTRIBUTIONS OF CRATERS ON 
OLD AND YOUNG SURFACES. FOR OLDER SURFACES 

TR I BUTIONJ NCR EASES. 
Cs,THE UPPER LIMIT OF THE STEADY STATE DIS- 
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FIGURE 2 -THE RATIO OF UNSHADOWED TO SHADOWED CRATERS 
AS A FUNCTION OF CRATER DIAMETER, AS CALCULATED 
FROM THE EROSION MODEL. THIS RATIO, P, IS SHOWN 

DIAMETER OF THE LARGEST UNSHADOWED CRATER 

LIMIT OF DIAMETER OF CRATERS IN STEADY STATE. 

SOLAR ELEVATION ANGLE. (SODERBLOM) 

FOR THREE SOLAR ELEVATION ANGLES, Ss. Ds IS THE 

AND INCREASES WITH INCREASING Ss. Cs IS THE UPPER 

IT WAS ASSUMED THAT Cs DOES NOT VARY WITH 
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